A method for simultaneous analysis of ciprofloxacin (CIP), levofloxacin (LEV) and norfloxacin (NOR) in mangrove sediment was developed using aqueous ultrasound-assisted extraction (UAE), solid phase extraction (SPE) and high-performance liquid chromatography with fluorescence detection (HPLC-FD). The method showed excellent linear correlation coefficient for the three fluoroquinolones (r 2 > 0.999) using external calibration curve and good recovery in real sediment samples ranging from 73.73 to 88.85%. The precision showed a relative standard deviation lower than 20% and detection limits of 1.10, 3.33 and 0.26 µg kg -1 to CIP, LEV and NOR, respectively. There was no presence of interfering. After validation, the method was applied in the determination of pharmaceuticals in mangrove sediment in the Paciência River, Maranhão Island, Brazil. Only the CIP antibiotic was found in three of six samples analyzed, with values ranging 56.55-70.45 µg kg -1 .
Introduction
Antibiotics are substances used worldwide in human and veterinary medicine to inhibit the growth of microorganisms, treat diseases (therapeutic purposes), prevent diseases caused by the presence of pathogenic organisms in the human or animal (prophylactic) and to promote growth. 1, 2 The fluoroquinolones antibiotics negatively affect the environment by chronic effect in biota or potential resistance in microorganisms. [3] [4] [5] [6] They are released continuously into the environment as a result of industrial processes, and discharges of commercial products or human or livestock sewage directly into water bodies, soil and sediments. [6] [7] [8] Estimates of worldwide total antibiotic consumption in livestock alone range from 60,000 to 240,000 tons annually. 9 Until 2030 in some countries, including Brazil, the consumption might increase by 67%. That Brazil is one of the leaders in poultry and cattle production and exportation implies that a great quantity of antibiotics is used annually in this economic activity. In addition, Brazil has only 40% of its sewage treated, and in the Northwest region this value drops to 28.8%. These situations imply that much of the antibiotic residue consumed by humans is released into water bodies. 10 Over the past few years, environmental regulatory agencies in developed countries have worked to establish regulatory guidelines to control harmful substances in the environment, and more specifically, to human health. [8] [9] [10] The main concern is that many emerging contaminants are not yet included in environmental legislation around the world. Currently, only a few isolated compounds have been regulated, although the vast majority still remain without legal definitions as their presence in different matrices. 11 At the same time, some studies address the problem focusing on both the presence of these contaminants and the acute and chronic effects on living organisms. 11, 12 Structurally, fluoroquinolones are derived from quinolone. Quinolone is a bicycle structure with nitrogen, carboxylic and carbonyl functional groups in positions 1, 3 and 4, respectively. 13 The addition of fluorine in position 7 produces the fluoroquinolones antibiotics. In Table 1 are described the physicochemical properties and chemical structure of some fluoroquinolones: ciprofloxacin (CIP), levofloxacin (LEV) and norfloxacin (NOR). 13, 17 CIP, LEV and NOR have been used in human medicine. CIP and NOR are also used in veterinary applications. 20, 21 The carboxylic and fluorine groups contribute to polar characteristics of fluoroquinolones, resulting in log K ow ranging from −1.03 to 0.89. 19 Hydroxyl, amide or ketone radicals in fluoroquinolones are able to form complex with cations (Ca 2+ , Mg 2+ , and Al 3+ ) commonly found in the environment. 13, 19 The fluoroquinolones have amphoteric properties due to carbonyl and nitrogen functional groups in its structure. The ionizable functional groups carboxylic (pK a1 ) and nitrogen (pK a2 ) are responsible for cationic, anionic, neutral and zwitterionic species according to pH. The species define fluoroquinolone mobility in solid matrices. 10 There are few methods described in literature for analysis of the fluoroquinolones in solid environmental matrices, such as soil and sediment of water bodies. 22, 23 Most methods are described for aqueous environmental matrices, for example, high performance liquid chromatography (HPLC) using different detectors, such as UV-Vis, fluorescence and mass spectrometry. [22] [23] [24] [25] The great challenge for analysis of fluoroquinolones in solid matrices involves the presence of organic matter and metallic cations, responsible for the strong interactions with sediment and soil. 26 The analytical protocol involved in fluoroquinolones analysis in solid samples, such as sediment/soil, is related to sample preparation which requires time-consumption and several steps. In addition, after fluoroquinolones extraction, a subsequent purification protocol is required. The association of these two previous protocol is a precondition for different analytical methods. 13 For the preparation of solid samples, there are traditional extraction techniques such as mechanical agitation and extraction by Soxhlet. 11 Alternatives techniques have been studied to improve the performance of extraction of analytes, such as pressurized liquid extraction (PLE), 27, 28 also known as accelerated solvent extraction (ASE), 29, 30 microwave assisted extraction (MAE) 31, 32 and ultrasound assisted extraction (UAE). [33] [34] [35] Solid phase extraction (SPE) technique has been chosen for purification of extracts due to its efficiency and availability of phases. As an alternative, two SPE cartridges are set up in tandem for purification of the aqueous extracts. 25, 36 The objective of this study was to develop and apply methodology using ultrasound assisted extraction (UAE), solid phase extraction (SPE) and high-performance liquid chromatography with fluorescence detection (HPLC-FD) for simultaneous analysis of CIP, LEV and NOR in 
Experimental
Standards and reagents CIP, LEV and NOR were obtained from Sigma-Aldrich (St. Louis, MO, USA) both with a minimum purity of 98%. All organic solvents used have chromatographic grade (methanol, acetonitrile and dichloromethane) and were obtained from Merck (Darmstadt, Germany). Other reagents used have analytical purity (hexahydrate of magnesium nitrate, ammonium hydroxide, phosphoric ortho acid, formic acid, monobasic sodium phosphate, monobasic potassium phosphate, disodium EDTA, citric acid, sodium citrate) and were obtained from Isofar (Rio de Janeiro, Brazil). The ultrapure water used was obtained from Milli-Q Merck Millipore systems (Darmstadt, Germany). All glassware used was previously washed with Extran® alkaline solution 5% and rinsed with ultraclean water.
Instrumentation
The chromatographic system used was liquid chromatography Shimadzu LC 20AT Prominence, model DGU-20A with two high-pressure pumps coupled to a fluorescence detector RF-10AXL, also from Shimadzu, and an injector with 20 µL of the capacity. For control of equipment and data collection, it was used a microcomputer and LCsolution® software (version 1.11 SP1, Shimadzu).
Separation by liquid chromatography was performed using C18 Luna column, Phenomenex (250 × 4.6 mm, 5 µm particles), mobile phase MeOH/phosphate buffer (NaHPO 4 .H 2 O to 0.04 mL min -1 , pH 3 with H 3 PO 4 85%) ratio 30:70 (v/v), isocratic elution, flow rate 1 mL min -1 and detection by fluorescence at wavelengths of 280 and 450 nm for emission and excitation, respectively.
Study area and sample preparation
The Paciência River has 32 km of extension, with estuarine characteristics. On its drainage basin, 171.74 km 2 , there are four cities: São Luís, Paço do Lumiar, Raposa and São José de Ribamar. It is characterized by leisure activities, fishing and agriculture. It receives in its waters expressive raw sewage discharge from a population estimated at more than 250,000 inhabitants. 37 The mangrove sediment from Tibiri River used in this work is the same one studied previously by Silva et al. 38 This sediment was used in this work as blank matrix (Figure 1 The collection was performed using a stainless steel Van Veen dredge type sampler, specific for sediments. The sediment samples were collected from the surface. Once collected, the samples were packed in polyethylene bags, identified and transported under cooling to the laboratory. In the laboratory, the samples were frozen at −18 °C, freeze-dried, sieved (sieve 0.63 µm) and stored in amber bottles at −18 °C until the time of analysis. 26 The properties of mangrove sediments for the six sampling points were analyzed using the previously described methods and the resulting average values are: pH = 6.92 ± 0.43; redox potential (E h ) = −126.50 ± 16.68 mV; exchange cation capacity (CTC) = 20.90 ± 2.31 (cmol kg -1 ); organic matter (MO) = 12.92 ± 1.02%, silt + clay = 99%. 38 
Optimization of extraction conditions
Ultrasound-assisted extraction (UAE) Different experimental conditions in the literature were adapted and tested in order to optimize the simultaneous extraction of the three antibiotics (CIP, LEV and NOR) from the mangrove sediment, as shown in Table 2 . For each method, sediment samples (1 g each) were weighed in triplicate in Falcon tubes, and spiked with 200 µL of the mixture of three individual standard solutions (CIP, LEV and NOR), each one of them at 1.0 mg L -1 and then kept in the dark at 4 °C overnight for complete solvent evaporation. After following the steps outlined in Table 2 for each method, the extracts of the samples were centrifuged at 3000 rpm at 25 °C and the supernatants obtained combined and transferred to amber bottle before making the SPE purification step.
Solid phase extraction
Extracts of the sediment samples were cleaned and enriched using Oasis HLB cartridges (60 mg, 3 mL, Waters, USA). The following protocol was the same for all extraction methods: prior to SFE, the combined extracts were diluted to 100 mL with Milli-Q water. The Oasis HLB cartridges were preconditioned with 5 mL of dichloromethane, 5 mL of methanol and 10 mL of Milli-Q water adjusted to pH 3 with H 3 PO 4 , successively. Afterward, the aqueous extracts of sediments were performed at a flow rate of 1 mL min -1 . After all extracts were completely percolated each cartridge was washed with 10 mL of Milli-Q water solution with H 3 PO 4 adjusted to pH 3 with 5% methanol (v/v) to remove impurities weakly bound to the sorbent. Before elution, the cartridges were dried for 30 minutes under a vacuum. The elution of the antibiotic from the cartridges was performed with 6 mL of 2% methanolic solution of formic acid (v/v). The eluate containing the target compounds were evaporated to dryness under gentle argon stream, and redissolved with 1 mL mobile phase followed by filtration through 0.22 µm nylon membrane (Chrom Tech, Minnesota, USA) to remove particles prior analysis by HPLC-FD.
Method validation
In order to assess the selectivity, linearity, accuracy, precision, limit of detection and limit of quantification, sediment samples from the Tibiri River were selected. These sediment samples are similar to Paciência River, but the presence of CIP, LEV and NOR compounds was not identified. The samples were collected in November 2011 in the sediment surface in the estuary of the Tibiri River, located in Maranhão Island, Brazil (Figure 1 ). The sediment (pH = 7.9; organic matter: 16.3%; silt + clay: 99%) was characterized in a previous study. 38
Results and Discussion
Optimization of the extraction procedure
The extraction of the fluoroquinolones from solid environmental samples requires the application of exhaustive extraction conditions to isolate the analyte of interest, since these compounds bind firmly to this matrix. 10, 14, 34 Therefore, it was decided to optimize an extraction technique assisted by ultrasound (UAE) to isolate the CIP, LEV and NOR fluoroquinolones from the mangrove sediment samples. This procedure is easy-to-use (sonication followed by centrifugation), the equipments are easily found in the laboratory, low-cost and uses little solvent extractor. 35, [39] [40] [41] Since the fluoroquinolones compounds have amphoteric properties due to the presence of two ionizable functional groups with environmental relevance in its structure, the carboxylic group (pK a ca. 6) and the amino group (pK a ca. 8), different mixtures of extracting solutions in acid and basic pH were evaluated to find an appropriate solution for the extraction of the three antibiotics in sediment samples. The results of these experiments are summarized in Figure 2 . 23, 42 In the most studies involving the extraction of fluoroquinolone antibiotics in solid environmental matrices the extraction of these compounds improves when performed at pH acids. 12, 26, 29, 33, 34, 43 In the present study, it can be concluded that, in general, fluoroquinolones were best extracted from the sediment by use of basic solution (method 3). 35 Importantly, there is no consensus in the literature about the best pH for the extraction of sediment samples of antibiotics. This shows that the matrix effects are very important in the choice of extraction method. Hence, this method has merit in proposing a way to deal with a complex matrix such as mangrove sediment.
In basic conditions used in method 3 (pH 8.1), the LEV has more anionic than zwitterion specie concentration, pH = 6.77 ( Table 1 ). For CIP (pH = 7.5) and NOR (pH = 7.34) compounds the zwitterions specie is predominant. The cationic species (amino group protonation) are absent for all fluoroquiolones.
The extraction of fluoroquinolones from sediment can be separated into two aspects: (i) octanol-water partition coefficient (K ow ) and (ii) distribution coefficient (K d ) ( Table 1) . First, since the fluoroquinolones have relatively low K ow , due to the presence of many ionizable functional groups, they are preferably solubilized in polar solvents. This could explain the fact observed in extraction process number 3, which uses only aqueous solution. 14, 23, 42 Second, since K ow is low, weak sorption would be expected in sediment and soil, but it does not occur. Studies have shown that once present in the sediment, the antibiotics (CIP, LEV and NOR) have low vertical mobility because of their high potential for adsorption. Fluoroquinolones compounds have K d ranging from 794 to 19,952 (L kg -1 ). 14, 18, 44 This wide range of K d values reflects that sorption mechanisms are diverse and vary according to the sediment properties, for example, the presence of mineral and organic matter. 45, 46 Minerals play a key role in the adsorption of fluoroquinolones in soil and sediments. Clay mineral and Al and Fe oxides are important components in the soil and sediments. Different adsorption mechanisms such as cation exchange (cation exchange capacity), hydrogen bond and complexation (metal oxide content), are involved in adsorption of fluoroquinolones onto soil and sediments. Liu et al. 47 observed that in modified clay mineral the LEV showed better adsorption in zwitterion with pH ca. 7, decreasing for pH lower or higher than 7. In another work, Yang et al. 26 concluded that ciprofloxacin showed better adsorption on clay mineral (montmorillonite, rectorite, and illite) in acid pH. In this condition, the cationic species of ciprofloxacin is adsorbed by cation exchange mechanism. In this way, Vasudevan et al., 15 by investigating different types of soils, also concluded that the cationic specie of ciprofloxacin was the most important specie in sorption mechanism in acid pH and the sorption rates varied in function of soil type. In addition, the authors suggested that organic matter is not fundamental for ciprofloxacin sorption regarding hydrophobic properties (K ow ). The K oc (partition coefficient between organic carbon and water) seems unsuitable to express sorption capacity in soil and sediment. 14 Also in acid pH, according to Leal et al., 48 by investigating Brazilian soils, fluoroquinolones demonstrated very high sorption (K d ≥ 544 L kg -1 ). Based on what was mentioned above, three explanations for the method 3 performance were hypothesized: (i) the anionic specie can suffer repulsion of the negative sites in the surface of the sediment particles formed by clay minerals and iron oxides among others; (ii) in association with the previous mechanism, antibiotic/Mg 2+ complex contributes to increasing the fluoroquinolones solubility; 10, 35, 49, 50 and (iii) on the other hand, the acid pH of methods 1 and 2 favors the cation exchange sorption mechanism, since the mangrove sediment has high exchange cation capacity (CTC = 20.90 cmol kg -1 ).
Analytical performance
In order to ensure the reliability of analytical results, some figures of merit were determined to guarantee the successful use of the proposed methodology, in addition to finding errors of the analytical protocols.
Selectivity
The selectivity of the method was evaluated by comparing the chromatograms obtained from the extract of Tibiri River sediment without and with fluoroquinolones fortification to verify the presence of some interfering matrix in the same analyte retention times.
By overlaying the chromatograms it was observed that there were no interferences ( Figure 3) . The presence of co-extractives from the matrix did not elute at the same retention times of the analytes under current study. This fact is of great importance because the mangrove sediments are rich in organic matter due to the high biological productivity. This organic matter undergoes microbial degradation, generating numerous organic and inorganic compounds. For example, in the study of sediment samples from the Pearl River in China, the authors could not determine some antibiotics (CIP and NOR) due to serious interference of compounds present in the extracts evaluated. 26 
Linearity
For the study of linearity method, it was prepared an external calibration curve using six concentration levels set in triplicates (20, 25, 50, 100, 200 and 500 µg L -1 , prepared in ultrapure water). Each calibration curve was constructed according to the relationship between the analytical signal presented and the concentration of the substance of interest.
The values were used to obtain the linear regression equation by the least square method. The linear correlation coefficient (r 2 ) was used to verify the adequacy of the representation of the mathematical model expressed by the linear equation. An r 2 value greater than 0.995 was required to consider the satisfactory linear model. [51] [52] [53] [54] The analytical curves for the three fluoroquinolones (Table 3 ) were shown to be linear over the studied range, with satisfactory r 2 since they achieved values greater than 0.995 for CIP, LEV and NOR, i.e., very strong correlation. 52, 55, 56 
Limits of detection and quantification
The limits of detection (LOD) and quantification (LOQ) were established from the blank matrix (Tibiri River sediment). The standard deviation was obtained by injecting at least ten times the sample blank for subsequent application of formula LOD (3s/S) and LOQ (10s/S), where s is the standard deviation of the background and S is the slope of the analytical curve. [51] [52] [53] LOD and LOQ were considered satisfactory (Table 4) , mainly for the purpose of the method, which evaluates antibiotic residues in complex matrices such as mangrove sediment. The present method is in the range of detection limits found in the literature. For example, Li et al., 57 by using liquid chromatography with mass detector (LC-MS/MS), obtained an LOD ranging from 0.08 to 2.86 µg kg -1 .
Recovery and matrix effect
Accuracy was assessed from recovery tests using the extraction method proposed in this study for the three fluoroquinolones. To assess the recovery, sediment samples from Tibiri River were spiked with a mixture of three individual standard solutions (CIP, LEV and NOR) in three fortification levels: 20, 200 and 500 µg kg -1 . At least five analyses were performed for each of the three fortification levels studied. The recovery percentage was calculated from the ratio between the average concentration determined experimentally and the corresponding theoretical concentration. The average percentage recoveries of the analytes are given in Table 5 . LOD: limit of detection; LOQ: limit of quantification. The method was considered to be accurate since it included recoveries in the range between 70 and 120% established in the literature for residue analysis and their values repeated in all samples indicating the consistency of the method. [51] [52] [53] The presence of matrix effect in a complex sample such as the mangrove sediment is not uncommon. In order to evaluate the matrix effect on signal intensity, this work used the equation described by Vieno et al. 58 The following set of solutions was prepared: (i) standard solution of CIP, LEV and NOR at 200 µg kg -1 ; (ii) un-spiked sediment extracts and (iii) spiked sediment extracts with CIP, LEV and NOR at 200 µg kg -1 . According to the equation, the matrix effects values obtained were CIP (0.27), LEV (0.14) and NOR (0.18). Although undesirable, these values do not represent a limiting aspect for method validation.
Precision
Precision was determined by repeatability levels from the analysis of three concentration levels (20, 200 and 500 µg kg -1 ) with at least five tests each on the same day and same experimental conditions. The results were expressed by estimating the relative standard deviation (RSD) shown in Table 5 and were considered adequate, as they are within the recommended limits for residue analysis (≤ 20%), indicating that the developed method is precise within the concentration range and the adopted conditions. 52
Analysis of environmental sediment samples
The sediment is an environmental compartment that has a great ability to accumulate different types of pollutants, including pharmaceuticals, which makes it a true witness to the environmental impacts suffered by aquatic ecosystems over time. 59 The concentrations of the antibiotics in the sediment samples collected in the Paciência River are shown in Table 6 .
Among the antibiotics investigated in this study, only CIP was detected in three of the six sites evaluated. One possible explanation to CIP contamination derives from the fact that the Paciência River basin undergoes a great domestic sewage discharge of the untreated effluents from urban activities spread in this basin (São Luís, Raposa, Paço do Lumiar and São José de Ribamar cities). 37 Literature data related to sediment contamination by fluoroquinolones report the same route of entry, and similar contamination levels or even higher. 26, 28, 36, 60 Table 7 shows a comparison among the concentrations of fluoroquinolones found in other sediments around the world.
The results presented in Table 7 are the first dates about fluoroquinolones in mangrove sediment in Maranhão Island. The relevance becomes greater due to the almost non-existent treatment of sewage in this area. The mangrove is an ecosystem that occur in large areas of Brazil and around the planet. Therefore, the present study offers a relevant alternative for antibiotics investigation in sediment, since the literature on this problem is scarce.
Conclusions
The methodology based on aqueous ultrasound assisted extraction (UAE) and solid phase extraction (SPE) followed by the HPLC-FD was optimized for the analysis of the fluoroquinolones antibiotics in mangrove sediment. The UAE-SPE-HPLC-FD methodology provides a low detection limit (1.10, 3.33 and 0.26 µg kg -1 to CIP, LEV and NOR, respectively) and high linear coefficient (r 2 > 0.999). Additionally, in real mangrove sediment samples, the recovery (%) ranged from 73.73 to 88.85%, proving that the complexity of the matrix does not interfere significantly in the extraction efficiency. UAE-SPE-HPLC-FD is relatively simple, precise and accurate. Also, the methodology has expressive clean up capacity. The method was applied in the determination of pharmaceuticals in mangrove sediment of the Paciência River, Maranhão Island, Brazil, where only the CIP antibiotic was found in three of six samples analyzed, with values ranging from 56.55-70.45 µg kg -1 .
